Induction of apoptosis in macrophages by air oxidation of dioleoylphosphatidylglycerol.
Dioleoylphosphatidylglycerol (DOPG) containing unsaturated sites is the target of oxidation during preparation, storage, or in vivo use of anionic liposomes. We investigated the biological effect of air oxidation of DOPG on RAW 264.7 murine macrophage-like cells. Oxidation was induced by exposing DOPG to air for 24-72 h. The extent of air oxidation was confirmed using Matrix-Assisted Laser Desorption and Ionization with Time-of-Flight (MALDI-TOF) mass spectrometry. The product of the air oxidation of DOPG was identified as the addition of one oxygen atom to one of the symmetrical fatty moieties of DOPG at m/z 814.77. The treatment of DOPG with air oxidation produced dose-dependent cytotoxicity in macrophages. RAW 264.7 cells exposed to oxidized DOPG exhibited morphological features of apoptosis, such as chromatin condensation and cell shrinkage. Typical apoptotic ladders were observed in DNA extracted from RAW 264.7 cells treated with oxidized DOPG. Flow cytometric analysis demonstrated an increase in the hypodiploid DNA population (sub-G1), indicating that DNA cleavage occurred after treatment with oxidized DOPG. In addition, we showed that pretreating RAW 264.7 cells with zVAD-fmk, a general caspase inhibitor, did not prevent apoptosis induced by oxidized DOPG, suggesting that apoptosis in macrophage cells follows a caspase-independent pathway. These results point to a need for precaution in formulating DOPG liposomes for drug delivery and therapeutic purposes.